INTRODUCTION
The distribution of anisakid larvae in invertebrates has always been very uneven. Ignorance of the early larval stages and of the hosts in which they develop has resulted in uncertainty and confusion on the role the various invertebrate hosts play in the nematode life history (Smith, 1983; Hurst, 1984) . Squid are not an exception to this pattern. Anisakid third stage larvae (L 3 ) have been reported widely in squid from the three major oceans and seas. That list indicates squid of almost all taxonomic and ecological divisions may be capable of harbouring the worm (i.e. indicate the capabilities of anisakines), but not the ecological realities of transmission which remain obscure for the group as a whole. The eurixeneous condition exhibited by food-transmitted L 3 (Cheng, 1976; Smith & Wootten, 1978; Smith, 1983) and the important role of oegopsid cephalopods in the trophic ecology of oceanic ecosystems (Clarke et al., 1993; Lipinski et al., 1992; Guerra et al., 1993) clearly suggest that all exploited squid may carry and transmit anisakines.
Up to date information of squid as hosts for nematodes has been well documented, although it is still con¢ned to more or less fragmentary records of presence or absence (see review by Hochberg, 1990 ) with little if any biological interpretation of the results. This is due in part to di¤culties in speci¢c identi¢cation of larval anisakines in which few, if any, of the taxonomic characters used for adult identi¢cation are present in the developmental or larval stages. Additionally, the importance of intraspeci¢c variation in the taxonomy of marine nematodes has also marked the abundant literature about unresolved taxonomic and nomenclature problems. Moreover, anisakid infections in cephalopods often are not supported by adequate large sample sizes (in a spatial and/or timescales), taxonomic descriptions, speci¢c determination or generic placement, type material and quantitative studies on host^parasite relationships. Data on morphology, morphometry, growth pattern, genetic and population dynamics of larval anisakine parasites in squid are provided herein. The results are discussed in relation to the biology of squid and to the life history and ecology of the nematodes.
MATERIALS AND METHODS
Specimens of Illex coindetii (Ve© rany, 1839) and Todaropsis eblanae (Ball, 1841) (600 each) were collected randomly by ¢shermen at monthly intervals from two welldi¡erentiated hydrographic areas (Fraga et al., 1982) o¡ the coast of Galicia (42805'^45815'N 07800'^09820'W) from November 1992 to November 1993 (Figure 1 ). Immediately upon capture commercial samples were placed on ice and transported to the laboratory where they were examined on arrival while still fresh. Each squid was sexed, weighed (g), and the dorsal mantle length (DML) was measured to the nearest millimetre. Maturation (condition of the gonad) was also assessed using a universal maturity scale (Lipinsky, 1979) . All organs were examined for anisakine nematodes using a stereomicroscope. All larval nematodes were treated in the same manner to standardize the material for comparative purposes (Fagerholm & Lovdahl, 1984) . Specimens were washed in saline solution (0.9% NaCl), ¢xed in Berland's £uid, cleared in lactophenol, stored in 1:9 solution of glycerin^70% ethyl alcohol. Temporary mounts in glycerine jelly were used for light microscope examination. The head and tail of each larva was examined under bright ¢eld and phase contrast microscopy before and after clearing in lactophenol. Additional glutaraldehide-¢xed specimens were prepared for SEM by dehydrating in an ethanol series, critical-point-dried in CO 2 using a Polaron E3000, and sputter coated in a Polaron SC500 using 60% gold^palladium. They were examined with a Philips XC30 SEM operated at 5^12 kV.
Subsequent decoating of specimens can be achieved if necessary.
Biomorphometric data were collected on 100 larvae (50 per host species) using Image Analysis System IBAS 2000. The following measurements were recorded on cleared specimens (Figure 2 ): total body length (BL), maximum body width (BW), proventriculus length ( muscular oesophagus) (PL), ventriculus length ( glandular oesophagus) (VL), ventriculus width (VW), intestine length (IL), mucron length (ML), and the distance from anus to tip of tail (AT). The total length of larger larvae was measured to the nearest 0.5 mm. Measurements were standardized to assure that no bias was introduced during analysis. To enable comparison with other studies, the proportions of the various body parts to body length were also expressed as a percentage. Moreover, the values for all characters were transformed to logarithms to equalize variances and produce scale-invariant covariances that linearize allometric relationships. Growth pattern was calculated by use of the equation:
where x BL, y is the other measurement being related, b is the allometric factor and, a is the expected value of y at x 1 (Gould, 1966) . The r 2 for the proportion of variance of the body parts and organs accounted for by the regression model and the F for goodness of ¢t were determined. The t-test was used to discriminate host-induced variability in morphometric variables. In addition, a comparison of regression lines was assessed by means of analyses of covariance (ANCOVA). Seasonal occurrence of the worm was tested through signi¢cance of di¡erence among logtransformed abundance among each season for both ¢shing areas of the range using one-way analysis of variance (ANOVA). To this end, data on the seasonal variations in infestations were analysed on a quarterly basis. The following seasonal samples were used: winter (January^March); spring (April^June); summer (July^September); and autumn (October^December). The variance to mean ratio of parasites was also calculated to provide an index of the degree of overdispersion of the anisakine in di¡erent months. The concepts denoted by the terms prevalence, mean intensity, abundance and relative density of infestation are de¢ned in accordance with Margolis et al. (1982) .
RESULTS

Taxonomic summary Description of larvae (Figure 3)
Typically striated near head and posterior extremity but some worms striated along entire body length. Mouth triangular with trilobed dorsal lip and bilobed ventrolateral lips each with single indistinct papilla. Boring tooth located ventral to the mouth anteroventrally projecting. Excretory pore transverse slit situated between the ventrolateral lips, opens from a single excretory duct. Digestive tube simple (oesophagus^ventriculus^intestine). Oesophageal and intestinal appendages lacking. The ventriculus is rather long with a characteristic oblique posterior margin. Ventriculus^intestine junction skewed. Rectum opens at anus; three rectal glands present (two dorsal and one ventral). Postanal tail round, with a terminal mucron or spine. Reproductive organs not developed.
Hosts
Illex coindetii (Ve© rany, 1839), Todaropsis eblanae (Ball, 1841) (Mollusca: Ommastrephidae).
Locality
North-west Spain (north-east Atlantic Ocean).
Site of infection
Illex coindetii: (on the external wall of the stomach: 89) (on the gonads: 7.2%) (free in the mantle cavity: 3.8%); Todaropsis eblanae: (on the external wall of the stomach: 93.3%) (on the gonads: 2.8%) (free in the mantle cavity: 3.9%).
Type specimens
Vouchers (three slides containing L 3 ) were deposited in the Department of Invertebrate Zoology, Santa Barbara Museum of Natural History, California, USA (catalogue nos. SBMNH-143034; 143056).
Larval morphometrics
Arithmetic mean values for morphometric data on larval Anisakis simplex recorded from several hosts in the north-east Atlantic Ocean, and the same measurements from both squid host species examined in the present study are given in Table 1 . Pearson correlation coe¤cients among larval measurements within each squid species are shown in Table 2 . Larvae collected from I. coindetii were greater in overall length than those collected fromT. eblanae, although the di¡erence was not signi¢cant (P40.01). Larvae from T. eblanae were signi¢cantly greater in width than those from I. coindetii (t 75.063; df 47; P50.001 for body width) (t 74.144; df 49; P50.001 for ventriculus width). Larvae collected from both squid were greater in size than larvae from euphausiids, except larvae from Thysanoessa inermis in the northern North Sea, but were smaller than those from teleosts.
Within each squid species, in almost all body proportions, the correlation coe¤cients were statistically signi¢-cant, showing a positive association between the total body length and the length of internal structures. This group of correlation coe¤cients may be regarded as homogeneous and a mean of 0.71 applies to larvae from Anisakis simplex B larvae in squid S. Pascual et al. 67 Journal of the Marine Biological Association of the United Kingdom (1999) both hosts. However, considerable host-related variability exists in correlation coe¤cients of larval width characters.
Growth pattern
Where the variables ¢tted the model, almost all internal body measurements showed signi¢cant allometric growth with larval development (P50.01). Measurements of body structures are linear in relation to total body length. A signi¢cantly negative allometric relationship was observed between proventriculus length and body length in larvae from I. coindetii. Growth ranged from unity to strongly positive in the remainder structures (Table 3) . Ventriculus width (r 2 0.35) in larvae from I. coindetii and ventriculus length (r 2 0.69) in larvae from T. eblanae were the variables that best ¢tted signi¢cant positive allometric growth. Ventriculus length (VL) (in worms from I. coindetii) and intestine length in those larvae collected from both squid hosts were almost isometrical with body length (b 0.99), thus exhibiting similar growth rates. In addition, r 2 values of 0.99 suggest that a signi¢cant proportion of variance is accounted by the regression model. An interesting point arose from the fact that in larvae collected from I. coindetii,`width' dimensions were positively noted as allometric, whereas in those larvae from T. eblanae`length' dimensions were signi¢cant in that sense. However, some regression coe¤cients were low, particularly for mucron length and anus to tip of tail length. Widths of body structures versus body length was again the most important character that di¡erentiates larvae collected from I. coindetii and larvae collected from T. eblanae. Ratios of body and ventriculus widths against total body length were signi¢cantly smaller (t 3.22; P5 0.01) in those larvae from I. coindetii than those from T. eblanae. Table 3 showed where the signi¢cant di¡erences exist between host species. However, slopes of regression lines for each character (PL, VL, IL) plotted against total body length (BL) did not di¡er among larvae from both squid hosts (ANCOVA: F 1.94; P40.1).
Genetic identi¢cation
Using genetic evidence based on allozyme electrophoresis, Nascetti et al. (1986) showed that the isomorphic Anisakis simplex complex consisted of two sibling species provisionally designated A. simplex A and B. Type A occurred mainly in the Mediterranean, whereas Type B was widely distributed in the northeastern Atlantic Ocean. To con¢rm the species identi¢ca-tion of the anisakines found in this study, several specimens from both squid species were sent to Professor L. Paggi and co-workers at the University of Rome,`La Sapienza', Rome, Italy, for analysis. Their ¢ndings indicated that all nematode parasites of squid in this study can be positively identi¢ed as the common species A. simplex B.
Population dynamics
A clear pattern of seasonal change in larval infection was evident. Figure 4 illustrates the observed monthly variations in prevalence, mean intensity, and relative density of infestation. In both northern and southern sampling areas, overall demographic parameters of infestation were signi¢cantly higher in the late winter and early spring periods than in the summer and autumn. Infestation values from the cold period (October^April) were ¢ve to eight times higher than those from the warmer period (May^October). This trend was ampli¢ed in the heavier infected northern area. There was also a consistent variation in geographic distribution. Over the entire year, squid examined from the northern area consistently had higher infection values than squid caught in the southern area. In larvae collected from I. coindetii in the northern area, mean intensity rose steadily during the autumn reaching a peaked pattern in March^May. Fluctuations between 0% prevalence in August to 60% in March, suggests a marked seasonal pattern of infestation (ANOVA: F 5.848; P50.001). In comparison, in the southern area no seasonal pattern was observed (ANOVA: F 0.438; P40.1). Demographic parasite parameters in the south were too low and similar throughout the sampling period. In T. eblanae, anisakid infestation Anisakis simplex B larvae in squid S. Pascual et al. 69 Journal of the Marine Biological Association of the United Kingdom (1999) followed similar geographically-related trends. However, in this squid species the infestation was noted throughout the whole year. Mean intensity of infestation increased throughout the autumn, reaching a maximum value in springtime. This pattern suggests that infestation is also higher during colder months than in the warmer months. In the northern sampling area, abundance of infestation was statistically signi¢cant between seasons (ANOVA: F 8.321; P50.01), but not in the southern area (ANOVA: F 2.739; P40.1). In both squid species the highest values of relative density of infestation (up to 50 worms kg À1 ) were found in the largest mature squids. This pattern corresponds with highly aggregated infrapopulations (variance/mean 41) at squid spawning-time during the bloom of upwelling phenomena.
DISCUSSION
Larval populations of Anasakis simplex B from both squid species overlap considerably in size for all morphometric characters, although mean values indicate a marked heterogeneity in relation to the character of measure (i.e. length^width). The ranges and standard deviations of the characters also indicate considerable variation in size for both parasite infrapopulations. This fully agrees with considerable variability in allometric growth rates of parasites, depending upon the host species. Notwithstanding their geographic and host separation, the nematode specimens from all samples have no morphological or marked di¡erences in growth patterns judged to be interspeci¢c. Despite host-induced larval growth variations, genetic analyses have con¢rmed that the larvae constitute a single species. Observed di¡erences presumably are due to heterogeneity in worm age. Host response to the presence of larvae may also play an important role in structuring parasite growth in the cephalopod-parasite system (Pascual et al., 1995a) . The most obvious di¡erences in measurements of Anisakis larvae from squid as compared with those from teleosts are seen in total body length (mean and range). In squid caught o¡ Galicia, Anisakis larvae are smaller than those from teleosts. Such variation is unlikely to be caused by di¡erent methods of ¢xation, geographic or allometric variations (PL:BL and VL:BL ratios are identical among larvae collected from squid and teleosts o¡ Galicia). Sizerelated di¡erences in hosts are more likely responsible for the observed di¡erences in parasite sizes (Pascual et al., 1995b) . This suggests that comparative morphometric studies should be interpreted with caution because of the wide variation in host^sample characteristics.
The importance of squid as hosts, as compared with teleosts, may relate to the short life cycles and a monocyclic pattern of semelparity. Growth of larval Anisakis possibly continues until the squid is consumed by other paratenic or ¢nal hosts. A marked peak in the aggregated distribution of anisakid parasites in the squid from the heavily infected northern sampling area indicates that whole-parasite recruitment takes place at the same time. The overdispersion of parasite infrapopulations is leading by a selective accumulation factor at the individual level resulting from feeding pattern of larger and mature squid. At the time of infestations, the squid are mainly piscivorous. In the process of feeding on ¢sh, principally the blue-whiting Micromesistius poutassou, they accumulate large number of larvae from that heavily infected prey (Sanmartin et al., 1989) . The results indicate that seasonal and geographical variations in Anisakis infestation is not a recurrent one since it appears not to be stable over time within host populations. A variety of ecological and host related factors accounts for the variations in seasonal behaviour of the worm and between-site variation in infestation observed in this study. Changes in the trophic level occupied by squid, which is closely related to ontogenetic changes ; and in habitat utilization patterns (Forsythe, 1993) , clearly suggest that the whole host life cycle in£uence dissemination of foodtransmitted infective stages. This pattern appears to be common for wide-ranging generalist helminth species in which dissemination of infective stages is linked to host life cycle (Kennedy, 1982) .
O¡ Galicia, recruitment of Anisakis larvae did not occur throughout the whole year. Nematode larvae were the most abundant during a short time of the year (cold period). According to data from morphometric and population dynamic analyses, seasonality may be probably attributed to squid movement from an inshore habitat to an o¡shore infected area during the spawning run. The hypothesis of a migration factor may also a¡ect the interpretation of biological data, as has been observed for other ommastrephid species (Nigmatullin, 1989) .
Geographic isolation of separated anisakid groups also is unlikely. Water masses o¡ Galicia are relatively heterogeneous in physical properties, therefore distinctly separate spawning sites are more likely. Di¡erences in values of infestation between the northern and southern sampling areas may be related to di¡erences in habitat structure (Sousa & Grosholz, 1991) bottom type (Smith, 1983) ; species biodiversity and biomass of neighbouring intermediate (mainly euphausiids) and paratenic hosts; trophic ecology; and climatic variables (wind speed and direction) which a¡ect seasonal hydrographic patterns (upwelling). All those factors have been stressed as factors in£uencing sedimentation rates of Anisakis eggs (Smith, 1983) . The apparent absence of infestation in squid from the southern area may therefore be explained by the existence of alternative intermediate hosts outside o¡shore depth contour; by a dilution factor provided by a higher biomass of potential ¢rst intermediate hosts; and/or by the in£uence of heavier seasonal upwelling cycles on parasite recruitment success. In addition, it is also likely that ¢nal hosts (marine mammals; Gonza¨lez et al., 1994) avoid major upwelling events in inshore waters o¡ the southern area where seasonal hydrographic phenomena determine the stability of trophic ecology of the area. Still there is a large number of cephalopod host species which may help us to explain the wide distribution of A. simplex B larvae in the Atlantic Ocean.
